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The title complex, [(C 4 H 9 ) 4 N] 2 [Mo 6 (C 7 H 6 ClN)0 18 ], was 
prepared by the reaction of (Bu 4 N) 4 [a-Mo 8 0 2 6] and 2- 
methyl-5-chloroaniline hydrochloride with A^/V-dicyclohexyl- 
carbodiimide as dehydrating agent in dry acetonitrile solution. 
The arylimido ligand is linked to an Mo atom of the Lindqvist- 
type hexamolybdate anion by an Mo^N triple bond, with a 
bond length of 1.732 (4) A and an Mo=N— C bond angle of 
169.1 (4)°, typical for monodentate imido groups in such 
hybrid complexes. Due to the interaction between one H atom 
in the aryl group and an O atom of a symmetry-related 
hexamolybdate cluster, the anions form centrosymmetric 
dimers in the crystal structure. Weak C— H- ■ O contacts are 
observed between the cations and anions. Unresolved disorder 
in some of the butyl chains of the ammonium cation is noted. 

Related literature 

For general background to polyoxidometalates, see: Hill & 
White (1998); Gili et al. (2000). For details of the synthesis, see: 
Wu et al. (2004). For related structures, see: Li et al. (2008). For 
organoimido polyoxidometalate derivatives, see: Du et al. 
(1992); Proust et al. (1994); Clegg et al. (1995). For Mo=N 
triple bonds, see: Wigley (1994); Li et al. (2004). 
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Experimental 

Crystal data 

(C 16 H 36 N) 2 [Mo 6 (C 7 H 6 ClN)0 18 ] 

M, = 1488.13 

Monoclinic, PT^/n 

a = 12.9184 (9) A 

b = 20.7309 (16) A 

c = 20.6731 (15) A 

/3 = 94.077 (1)° 

Data collection 

Bruke SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
= 0.673, T max = 0.870 

Refinement 

R[F 2 > 2a(F 2 )] = 0.049 
wR(F 2 ) = 0.118 
S = 0.93 

10841 reflections 
604 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



2[(CH 3 CH 2 CH 2 CH2)4N] + 



V = 5522.5 (7) A 3 
Z = 4 

Mo Ka radiation 
/x = 1.44 mnT 1 
T = 292 K 

0.30 x 0.20 x 0.10 mm 



33748 measured reflections 
10841 independent reflections 
6533 reflections with / > 2a(l) 
R inl = 0.071 



3 restraints 

H-atom parameters constrained 
Ap max = 0.89 e A~ 3 
AA„ in = -0.51 e A~ 3 
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0.97 
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C12-H12/1- ■ 09 


0.97 


2.34 


3.248 (7) 


155 


Symmetry codes: (i) — x - 


- 1, -y + 2, -z - 


H;(ii) -x- 


t-|.y-j. -« + !• 





Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BH2377). 
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A new mono-functionalized organoimido hexamolybdate derivative: bis(tetra-/i-butylammonium) 
(5-chloro-2-methylphenylimido)-/ f 6-oxido-dodeca-i tt 2-oxido-pentaoxidohexamolybdate(VI) 

Q. Li, Z. Xiao, L. Chen and J. Zhang 
Comment 

The new organoimido derivatives of polyoxometalates have attracted tremendous attention due to the diversity of their 
structures. They are important building blocks for the construction of interesting POM-organic hybrids and have potential 
applications in nano-materials, magnetism, catalysis, photochemistry and medicine science (Hill & White, 1998; Gili et al, 
2000). Based on the pioneering works of E. A. Maatta (Du et al, 1992), R. J. Errington (Clegg et at, 1995) and A. Proust 
(Proust et al, 1994), a great number of organoimido derivatives of polyoxometalates have been obtained, including alkyl 
and aryl derivatives of polyoxometalates. Particularly, chloro-functionalized organoimido derivatives of polyoxometalates 
are very useful in the construction of various POM-organic hybrids, which are more easily accessible and much cheaper than 
the corresponding iodide and bromide derivatives. Chloro derivatives are reactive functional groups, which are very useful 
in some organic syntheses. Recently, we have obtained three chloro-functionalized arylimido derivatives of hexamolybdate, 
(Bu4N) 2 [Mo60 1 8(=Ni?)] (R = /?-ClC 6 H 4 , m-ClC6H 4 , and 0-CIC6H4) in moderate yields (Li et al. , 2008). However, they are 
not stable enough to undergo reactions in the subsequent synthesis process due to the electron-withdrawing nature of the 
chloro group and lack of protection of the Mo=N bond, which is easily hydrolyzed in acid or alkaline media. In order to obtain 
more stable building blocks to construct novel POM-based organic -inorganic hybrids, we probed 2-CH3-5-CIC6H3NH2 as 
a ligand to modify the hexamolybdate ion, in which a methyl group ortho to the imido N atom on the benzene ring not only 
increases the stability of the resulting imido derivative, but also improves the yield of the synthesis. 

X-ray diffraction analysis reveals that the title compound crystallizes in the monoclinic space group P2\ln. The asymmet- 

2 + 

ric unit contains one crystallographically independent [Mo60isN(2 — CH3-5-CIC6H3)] " anion and two (C^^N cations 

2 

(Fig. 1). In the [Mo60isN(2 — CH3-5-CIC6H3)] anion, an arylimido ligand is bound to one terminal position at the hexamo- 
lybdate cluster in a monodentate fashion. The short Mo — N bond distance, 1 .732 (4) A, and approximately linear C — N — Mo 

angle, 169.1 (4)°, are typical of organoimido groups bonded at an octahedral cP metal center, and are consistent with a 
substantial degree of Mo=N triple bond character (Wigley, 1994). Compared to the reported chloro-functionalized arylimido 
derivatives of hexamolybdate (Li et al, 2008), the length of the Mo — N triple bond becomes larger (> 1.70 A), and the 
C — N — Mo bond angle is closer to 180°, as found in other imido derivatives of Lindqvist polyoxometalates. The bond 
lengths of the five terminal oxo ligands do not vary significantly in comparison with the parent hexamolybdate and other 
derivatives. The central jU(,-0 atom 018 is displaced towards Mo4, as a consequence of the substitution of Mo4 by the 
arylimido ligand. Similar contraction has also been observed in the structures of other organoimido derivatives of Lindqvist 
polyoxometalates (Li et al, 2004). Considerable variations are seen in the bond lengths involving the doubly bridging O 
atoms, which is again consistent with other imido derivatives of Lindqvist polyoxometalates (Li et al, 2004). 

An interesting feature is the solid phase dimerization of the cluster anions of the title compound, through C — H— O 
hydrogen bonds between a H atom on the aromatic ring and a bridging O atom in a symmetry-related anion (Fig. 2). Such a 
structural feature has also been observed before in the reported phenylimido derivatives of hexamolybdate (Wu et al, 2004). 
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Experimental 

A mixture of (Bu4N)4[a-Mog026] (10 mmol), DCC (2.1 mmol), and 2-methyl-5-chloroaniline hydrochloride (1.34 mmol) 
was refluxed in anhydrous acetonitrile (10 ml) for about 12 h. After being cooled down to room temperature, the resulting 
dark-red solution was filtrated to remove the white precipitates. While most of acetonitrile evaporated, the product was 
collected from the filtrate as a red crystalline solid, and was washed successively with ethanol and ether several times, and 
then was recrystallized twice from a mixture of acetone and ethanol (1:1), to get red crystals (yield: 85 to 95%). Single 
crystals used for X-ray diffraction were obtained by diffusion of ether into a solution of the title compound in acetone. 

Refinement 

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with C — H = 0.93-0.97 A and (7i S0 (H) 
= 1.2 or 1.5 (7 e q(parent atom). Bond lengths C14 — C15, C18 — C19 and C34 — C35 were restrained to suitable target values. 



Figures 




Fig. 1. ORTEP showing the cluster anion and cations of the title component. Thermal ellips- 
oids are drawn at the 50% probability level. 



Fig. 2. A view of the dimer structure of cluster anions of the title compound. 



bis(tetra-n-butylammonium) (5-chloro-2-methylphenylimido)- U6-oxido-dodeca-U2-oxido- 
pentaoxidohexamolybdate(VI) 



Crystal data 

(Ci6H36N)2[Mo 6 (C 7 H 6 ClN)Oi8] 

M,-= 1488.13 

Monoclinic, P2\ln 

Hall symbol: -P 2ybc 

a = 12.9184 (9) A 

6 = 20.7309 (16) A 

c = 20.6731 (15) A 

(3 = 94.077 (1)° 

V= 5522.5 (7) A 3 

Z=4 



F(000) = 2984 

D x = 1.790 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6101 reflections 

9 = 2.2-24.7° 

\i = 1.44 mnT 1 

T=292K 

Prism, red 

0.30 x 0.20 x 0.10 mm 
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Data collection 



Brake SMART APEX CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker,2001) 
r min = 0.673, r max = 0.870 
33748 measured reflections 



10841 independent reflections 

6533 reflections with / > 2c(7) 
^,= 0.071 

9max = 26.0°, 0 m i n = 1.4° 

A = -15->10 

£ = -25^25 
/= -23^25 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.049 
wR(F 2 ) = 0.118 
5 = 0.93 

10841 reflections 
604 parameters 
3 restraints 
0 constraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0498P) 2 ] 
where J P = (F 0 2 + 2 J F c 2 )/3 
(A/o) max = 0.001 

Ap m ax = 0.89 e A~ 3 
Ap m in = -0.51 eA~ 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Mol 


0.58494 (4) 


0.75656 (2) 


0.49709 (2) 


0.05960 (15) 


Mo2 


0.70125 (3) 


0.66987 (2) 


0.61349(3) 


0.05930 (15) 


Mo3 


0.44618(3) 


0.67834 (2) 


0.59982 (2) 


0.05393 (15) 


Mo4 


0.46474 (3) 


0.83417 (2) 


0.60484 (2) 


0.05293 (14) 


Mo5 


0.71580 (4) 


0.82789 (2) 


0.61932 (3) 


0.06038 (16) 


Mo6 


0.57715 (4) 


0.74969 (2) 


0.72164(2) 


0.06564 (16) 


Ol 


0.5847 (3) 


0.7566 (2) 


0.41610(19) 


0.0978 (16) 


02 


0.4897 (3) 


0.82359 (16) 


0.51522 (16) 


0.0623 (10) 


03 


0.6942 (3) 


0.81455 (16) 


0.52686 (17) 


0.0662 (10) 


04 


0.4731 (2) 


0.69632 (17) 


0.51166 (16) 


0.0605 (9) 


05 


0.6769 (2) 


0.68730 (16) 


0.52241 (17) 


0.0633 (10) 


06 


0.5672 (2) 


0.62595 (15) 


0.60452 (17) 


0.0619 (10) 


07 


0.7853 (3) 


0.74421 (15) 


0.61916 (19) 


0.0644 (10) 


08 


0.6735 (3) 


0.68276 (18) 


0.70184 (17) 


0.0703 (11) 


09 


0.7870 (3) 


0.60842 (17) 


0.6162 (2) 


0.0909 (13) 


O10 


0.3742 (2) 


0.76027 (14) 


0.59977 (16) 


0.0529 (9) 


Oil 


0.3477 (3) 


0.62517 (18) 


0.5932 (2) 


0.0842 (13) 



sup-3 



supplementary materials 



<J1Z 


A A /^O. 1 /'lA 

u.4oyi {j) 


a /^ni 77 c\ &\ 

u.oy iz / (io) 


u.oyzio (loj 


A A/^1 7/^1 A\ 

U.U03Z (1UJ 


<J13 


A CAOO f1\ 

U. jyoo (3 ) 


A 0 OA7 1 (\ £.\ 

U.ooU/1 (lo) 


A/^11A1 ^1 7\ 

u.oi3yi * 1 /j 


A A/C7A /■ 1 1 \ 

u.uo /y (i 1 ) 


<J14 


U.4003 (3) 


A 0 1 7AA (\ £\ 

u.oi /yu (io) 


U.oy /o4 (loj 


A A£/1 A ( 1 A\ 

U.U04U (1U) 


U1j 


U.oy 14 (3 J 


A 0A707 ( 1 Q\ 

U.oU /o / \Vy) 


A 7A7/1 7 /I 0\ 

U. /U/4Z (,loJ 


A A7/1 7 / 1 1 \ 

U.U /4Z (11) 


<Jlo 


U.Ol /Z (3 J 


A 07O1 C /'I n\ 

u.o /y j j (iyj 


A /^777 

U.oZ /Z (ZJ 


A AOC1 (\ A\ 

U.Uyj3 (14) 


Ul / 


U.J / /O (4) 


A 7/17Q ^7\ 
U. /4/o (ZJ 


A QA7C ^7^ 

U.oUZo \L) 


A 1 AO A ( 1 ~}\ 

U.lUoU (1 /) 


r\ 1 0 
Olo 


Pi C*7A£ /">\ 
U.J /VO (Z) 


U. /j4jU (IZ) 


A £AAA*7 f\ A\ 
U.OUyU / (14) 


A A /IT A /0\ 

U.U4ZU (0) 


IN 1 


U.30Z1 (3 ) 


A OAQQ 

u.oyyy (zj 


U.uU4y {Z) 


A P\£>AA { 1 7^ 
U.U044 (IZ) 


pi 1 
Cll 


U.Z1Z3U (,1 /J 


1 ACAQO (\ 1 \ 

I.UjUoo (1 1J 


A 7/^ACO (\ 1 ^ 

U. /oUjo (1 1 ) 


A 1 17/^ /^0\ 

U.13ZO (0 ) 


p 1 


An P1P1 ( a\ 
U.33UU (4) 


A AC*7A 0\ 

u.yj /y (Z) 


a /cm 
U.013Z (3) 


A C\C 1/^/1 C\ 

U.Uolo ( 1 j) 


CZ 


U.Zyo4 (4) 


A Q71A (X\ 

u.y / ju (jj 


U.O / J 1 {D) 


A A7AO ( 1 

U.U /Uo (10) 


hlZ 


A 1 1 PiPi 


U.y44j 


A "7AAC 

u. /uy J 


A AOC * 

U.Uoj* 


p-> 
C3 


u.z4yu [p ) 


1 aiai 

I.UjUj (j ) 


U.003 / (3) 


A AO 1 C ( 1 n\ 

U.UolJ (iy) 


C4 


A 71AA /£\ 

U.Z3UU (0) 


l.U /Z4 (j J 


U.0341 (4) 


a 1 az: /7\ 
U.1U0 (Z) 


1 1 1 

hl4 


A IftCC 

u.iyjj 


1 1 1 1 A 

1. 1 1 1U 


U.o4Uo 


A 1 T7* 

U.1Z l w 


Cj 


A /C\ 

U.ZoZi (J) 


I.Uj /4 (J) 


U.J /41 (4) 


A 1 AT /">\ 
U.1UZ (Z) 


TTC 

rij 


A OC 1 1 

U.ZjI 1 


l.Uo/4 


A C A AA 

u.Muy 


A 1 T3 * 
U.1Z3^ 


P/r 

Co 


U.3 1 1 J p J 


A QQQ1 f1\ 

u.yyyj {3) 


U. JOUo (3 J 


A A7/1 O ( 1 7\ 

U.U /4o (1 /) 


c/ 


A 1 /I C£ /C\ 

U.34JO (j) 


A AOI C f1\ 

u.yojj (j) 


A A A/1 T /"3\ 

U.4y4 / (3) 


U.113 (Z) 


I I -7 * 

hi /A 


A TOCO 

U.Zojo 


A A*700 

u.y /oz 


U.4o4y 


A 1 *7A* 
U.l /U^ 


1 170 

rl Id 


A 10C7 

U. jojZ 


A QAA 1 

U.y44j 


a /iq/;q 

u.4yoy 


A 1 7A* 

U.l /u 


1 1 -7/' • 
hl/C 


A 1 0*7*7 
U.3o / / 


1 A 1 OA 

l.UloU 


A /l OA 1 

U.4oUl 


A 1 *7A* 
U.l /U^ 


PQ 


U.0J4U (4) 


U.JJJJ (J) 


U.ooIj (3) 


A A*71 1 /10\ 

U.U /3Z (lo) 


no A 
rioA 


u.ooyo 


A 1 /I 1 C 

U. 341 J 


A 7A1 Q 

u. /uiy 


A AQQ* 

U.Uoo 


lion 

hlor> 


U.Jo4o 


A 1 1 "7/1 
U.JJ /4 


U.OOUU 


A AOO * 

U.Uoo* 


pn 

cy 


A "7AO/C (C\ 

U. /Uoo ( J) 


U.JZo4 (3) 


U.oU/Z (3) 


A (\H£.A ( A 0\ 

U.U /o4 (lo) 


I 1(1 A 

riyA 


A 70 1 A 
U. /OlU 


A 11A1 

u. j jy j 


A 1 1 7 
U.Ol IZ 


A AA7* 

u.uyz* 


TTflD 


A £*70 1 

U.O /ol 


a 1 /nn 

u. 34zy 


A CiCiC7 
U. JOOZ 


A Am sk 

u.uyz* 


C1U 


A "7A 1 A /C\ 
U. /Uiy (J) 


{J.ZdZ 1 (3) 


A £A£A //lA 

U.oUoy (4) 


u.uy4 (Z) 


TT in A 

hllUA 


A "7*> A 

U. /ZoU 


A TI/^A 

u.zjoy 


A /C/1AC 

u.o4yj 


A 1 1 7 * 
U.l IZ* 


i 1 1 n 0 


a /;*)m 

u.ozy / 


A 7/1A1 

U.Z4U3 


A CAA7 

u. jyyz 


A 1 1 7* 
U.l IZ 


P 1 1 

CI 1 


U. / OZ J (0) 


U.ZZUo (J) 


A C C*7A ( A\ 
U.JJ /y (4) 


A 1 OO (1\ 

U.IZo (3) 


TT 1 1 A 

hll 1A 


A HAf\A 
U. /4U4 


U.Zjo4 


A C 1 C C 
U.Jl JJ 


A 1 A 1 * 

u.iyi * 


TT1 ID 

rll 1£5 


C\ 7^ 1 ^ 

U. / J 1 J 


n 1 7/1 c 
U. 1 /4o 


u. j jyj 


u.iyi 


ill in- 
line 


A Ol A A 

U.o34y 


A TTA*7 

u.zzy / 


A C/C*7A 
U. JO /U 


A 1 A 1 * 

u.iyi * 


PI T 

C1Z 


A "7/1A/C /C\ 

u. /4yo ( j) 


A A COA /QA 
U.4JOU (3) 


U.OJZU (3) 


A AOI A ( 1 A\ 

u.uo3y (iy) 


TTHA 

1 1 1 _ A 


U. /4Z3 


A CA/1 C 

U. jU4j 


a /;/iQ7 

u.04yz 


U.1U1 


I I 1 "> T~) 


A "7*7 1 7 
U. / / 1Z 


A A A 1 ") A 

U.44Zy 


A £ 1 A/C 

U.olUo 


A 1 A 1 * 
U.1U1 * 


p 1 O 
CI J 


A Ol /I A f£L\ 
U.0344 (0) 


A A A^i 1 

U.44Z1 (4) 


A Hf\A A ( A\ 

U. /U44 (4) 


A 1 1 C (1\ 

U.llJ (3) 


rllJA 


A OA OA 

U.o4oU 


A IQ/C 1 

u.3yoi 


A 7A7A 

u. /u /u 


U.13o 


TJl ID 


A O 1 "7*7 

U.ol / / 


A A COA 

U.4joU 


A 7A/Z/Z 

U. /4oo 


A 1 1 O * 

U.13o* 


C14 


A A1 C*7 /A\ 

u.yjj / (y) 


A A Ol 1 

U.4o33 (0) 


U.O /J4 (0) 


A 7 1 C (£\ 

U.Zlo (0) 


T_T1 A A 

hll4A 


a m 0*7 

u.yzo / 


A A OC*7 
U.40J / 


A A 

U.oZo4 


A O CA* 

u.zjy* 


H14B 


A A A AA 

0.9400 


0.5267 


0.6929 


A Ten* 

0.259* 


C15 


1.0190(10) 


0.4488 (7) 


0.6957 (7) 


0.285 (8) 


H15A 


1.0189 


0.4418 


0.7416 


0.427* 


H15B 


1.0807 


0.4718 


0.6863 


0.427* 


H15C 


1.0174 


0.4080 


0.6737 


0.427* 


C16 


0.6076 (5) 


0.4481 (3) 


0.7271 (3) 


0.0838 (19) 



sup-4 



supplementary materials 



riloA 


U.ojoZ 


A A 1 1 C 

U.431 J 


A 7/^1 A 

U. /olU 


A 1 A 1 * 
U.1U1 


I I 1 s \~\ 


A C/1 1 1 

U.J413 


A /I T7/1 

U.4Z /4 


A "711 A 

U. /3ZU 


A 1 A 1 * 
U.1U1 * 


CI / 


U.jyjZ (o) 


A C 1 AA //lA 
U.JlVU (4) 


A "71*7/1 /"3\ 

U. /3 /4 (3) 


A 1 1 1 /"3\ 

U.113 (3) 


TT1 7 A 

1 1 1 /A 


U. J4Z3 


U. J JOZ 


A 7A/iC 

U. /UOJ 


U.13J 


I I 1 "7 O 

hll /r> 


U.OOUU 


AC/111 

U. Ml 1 


A 11 1 /I 

U. /314 


U.13J* 


i o 

Clo 


A C/i 1 A IQ\ 

U.Jo3y (o) 


U.JZo / (o) 


A OA£/1 //l\ 

U.oUo4 (4) 


A 1 "7A //I \ 
U.l /U (4) 


I I 1 O A 

hlloA 


a /i on^ 
U.45V0 


A CI /Z 1 
U.JJOl 


A OA/1 1 

U.oU43 


A TA/1 * 
U.ZU4* 


I I i on 
rllorj 


A C777 
U.J / /Z 


n /i eee 
U.4ooo 


A OIAA 

U.o3UU 


A TA/1 * 
U.ZU4 


Pin 

ciy 


U.olZl (14) 


A C700 /*7\ 
U.J /5o ( /) 


U.o4Zj (o) 


A 1 "71 /I 1\ 

U.3 15 (13) 


uin a 
hllvA 


U.OJU / 


U.oUjZ 


A O 1 A & 

U.5l4o 


A CCA* 

u.jjy* 


1 1 1 QD 

rll Vr5 


U.OJ53 


U. JOlU 


U.o /03 


A CCA* 

u.j jy 




U.J0U3 


A £. A/1 £ 

U.oU4o 


a o/; 1 1 
U.5013 


A CCA* 

u.j jy* 


CZU 


A C*7A*7 /C\ 
U.J /U / (j) 


A /I CT3 

U.4JZ3 (3) 


U.oU / / (Z) 


A A*7T A ( 1 *7\ 
U.U /ZU (1 /) 


I lOA A 

1 l_UA 


A C7/C1 
U. J JOj 


A /1AOA 


A £ACC 

U.oU J J 


A AO/;* 

U.Uoo 


hlZUB 


U.jy41 


U.43JZ 


U.jo/o 


A AO£* 

U.Uoo^ 


CZ1 


a /i con sc\ 
U.4joU (j) 


A /1 1 C /I /QA 

U.43J4 (3) 


A £ 1 A*7 /QA 

U.olU / (3) 


A C\HC O ( 1 *7\ 
U.U /DO (1 /) 


I I") 1 A 

riZl A 


A /110/1 


A /I CO< 

U.4JZJ 


U.ojUZ 


a Am* 

u.uyz^ 


no i i) 

hlZlB 


C\ A A A A 

U.44yy 


A 1 OO A 


A C 1 1 1 

U.olll 


a nm * 

u.uyz^ 


czz 


A 1A/;/1 /c\ 

U.3V04 (J) 


A /I /il C f1\ 

U.4o3J (3) 


U.JJZ4 (3) 


A AOT A f \ A\ 

U.U&Z4 (iy) 


i m a 
hlZZA 


A /I 1 O/i 
U.41o0 


A /I A 1 1 

U.4433 


A f 11/1 

U.J 134 


A AAA* 

u.uyy^ 


WLLd 


n /i 1 1 c\ 
U.41 1U 


u. juy3 


A C/1QO 

u. j4yo 


A AAA* 

u.uyy 


CZ3 


A TO/1 1 /c\ 

U.ZoUl (J) 


A A CIA /1\ 

U.4J3y (3) 


U.JJJZ (3) 


A 1 AT 
U.1U/ (3) 


1 ]T] a 


A T/^O 

U.ZojZ 


A /1AOO 


A CCO£ 

U.Jjso 


A 1/^1* 

U.lol * 


mio 


A 0/1 /I 7 

U.Z44 / 


A /I 7AA 

u.4 /uy 


A C 1 

U. J loj 


f\ 1 A1 * 
U.lol * 


rnip 

hlZiC 


U.Zjov 


A /I *7/i 1 

U.4 /ol 


a cmi 

u.jyz3 


A 1 £ 1 * 

U.lol * 


CZ4 


A AA 1 Q //|\ 

u.yyio (4) 


u.zozy (3) 


A T7AA (1\ 
U.Z /yU (3) 


A A*7*7A C\ 0\ 

u.u / /y (IS) 


I I ~) ,1 A 

riZ4A 


1 ACT 1 

I.UjZI 


A 7A17 

u.zy3 / 


A 1A7/i 

U.3U /o 


A AO/1 * 

u.uy4^ 


hlZ4r> 


1 A 1 1 O 

l.Ullo 


A 1 /I *7 A 

U.Z4 fy 


A 1 C 1 1 

U.ZjIZ 


A AA/1 * 

u.uy4^ 


PO ^ 

CZJ 


A d/Z C 1 iC\ 

U.VojI [p) 


A 1 /I AA /QA 

U.34UU (3) 


A 1*3 *7 1 (1\ 

U.Z3/1 (3) 


a no/;/; / 1 a\ 
U.Uooo (iy) 


1 I_jA 


a nici 

U.VJ J J 


A 1717 

U.3 151 


U.ZOZO 


n in/i* 
U. 1U4 


hlZJB 


A A 1 /1 1 

U.V143 


A 1 1QA 

U.3ZoU 


A TAT /I 

U.ZUZ4 


A 1 A/1 * 

U.1U4* 


CZo 


1 A£ /I C //i\ 

1.Uo4j (o) 


U.30JU (4) 


A 1AO C //1\ 

U.ZUoJ (4) 


A 1 1 /I (1\ 

U.114 (3) 


hlZoA 


1 1 AA 1 


A 1 Q A 1 

U.3&41 


A T/11 1 

U.Z431 


A 1 1*7* 
U.13 /* 


rlZorj 


1 . 1U 14 


A 170/; 

U.3ZOO 


Ci 1 01 £ 

u. iyio 


n 1 17* 
U.13 / 


P0 1 

CZ / 


1 A/i c c 
1.U4JJ (o) 


A A \ 1 A t A\ 

U.4134 (4) 


A 1 C£A //1\ 

U.l JoU (4) 


a 1 in n\ 
U.13y (3) 


I I "> "7 A 

hlZ /A 


A AA/1 A 


A 1 A/i A 

u.3yoy 


A 1 A 

u.iz3y 


n onn* 

u.zuy^ 


1 1_ / r5 


1 1 no 1 
i. luy i 


A /177A 
U.4ZZU 


Ci 1 1^1 
U. 1303 


A 7AQ* 

u.zuy 


unp 


1 ATA 1 

1.UZU1 


A A C">£ 

U.4jZo 


A 1 "71 A 

u.i /3y 


n inn* 

u.zuy* 


CZo 


A QA*7£ fA\ 
U.oU /O (4) 


U.Z43J (3) 


A TOA/1 /"3\ 

U.ZoU4 (3) 


n n*7ci ^1 o\ 
U.U /J3 (lo) 


1 LZoA 


Cl 1Q1 1 

U. /oZl 


U.Z53 1 


a t/;a i 
U.ZoUl 


a Ann* 

u.uyu 




A *7C£ C 
U. /JOJ 


a T>m 

u.zzyz 


A 1 AA C 

u.3uyj 


n nnn* 

u.uyu* 


pin 

czy 


H oi f/r /C\ 

U.o 1 JO (J) 


u.iyzy (3) 


A T>OA S1\ 

U.ZZoU (3) 


n no *7*7 ( 1 n\ 

U.Uo/ / (iy) 


Ti on a 
rlZyA 


U.o4Uo 


A 1 

U. 1 JZo 


U.Z4 /o 


n 1 nc * 
U.IUj 


H29B 


0.8652 


0.2069 


0.1979 


0.105* 


C30 


0.7107 (6) 


0.1816(4) 


0.1915(4) 


0.123 (3) 


H30A 


0.7160 


0.1438 


0.1642 


0.148* 


H30B 


0.6604 


0.1719 


0.2228 


0.148* 


C31 


0.6704 (6) 


0.2359 (4) 


0.1503 (4) 


0.137 (4) 


H31A 


0.6638 


0.2736 


0.1767 


0.205* 



sup-5 



supplementary materials 



ui 1 r> 


U.OU3 / 


U.ZZ40 


A 1 1AA 

U. 13UU 


A one* 
U.ZUj 




a *7 1 *7£ 


A T /I A /Z 

U.Z44o 


A 1 1 *7 C 
U.ll /O 


A T AC * 

U.ZUD* 


C3z 


U.oolU (4) 


A QAOI f1\ 

U.3UV3 (3) 


U.3oso (3) 


A A*71 O ( 1 *7\ 

u.u /3y (1 /) 


II")") A 


U.oj j4 


C\ 1/171 
U.34 / 1 


A 1/1 CA 

U.34DU 


A AOA* 

u.uoy 




U.5Z4 / 


a "> 
U.ZyJz 


A 1 Ol A 

U.3y3U 


A AOO* 


C33 


A A£*7A /c\ 

u.yo /u ( j) 


A 1 TOO ( A\ 

u.3zyy (4) 


A A 1 CO //lA 

U.4lDy (4) 


A 1 1 A 

U.11U (3) 


ri33A 


1 m/in 
1 .uz^u 


a i/i^c 
U.340J 


A 1Q77 

u.3yz / 


U.13Z 


I I "J Q I) 


a nrm 

U.vyzz 


A IOTA 


C\ A A\ A 

U.4414 


a 1 n* 
U.13Z^ 


C34 


U.yzyi (o) 


U.3ol / (j) 


U.4oUo (4) 


U.Ijz (4) 


hl34A 


u.yuoz 


A A 1 O 1 

u.4iy i 


U.43DZ 


A 1 Ol * 




U.o /Uj 


U.30J J 


a /i oo/; 
U.4oZ0 


1 CI* 


/ • "J r 

C3 D 


1 A 1 /A\ 

l.UlZo {y) 


A /I AA1 (H\ 

U.4UUZ ( I) 


A CAO/1 

U.!)Uo4 (o) 


A T07 /OX 
U.ZO/ \6) 


1 n c a 


A 00*7 1 


A 1 AOO 


A C CAO 

u. j !>uy 


A /1 1 1 * 

U.431 v 




l.UiOJ 


f\ A ATI 

U.44Z / 




A A 1 1 * 

U.431 * 


TUT " 


1 A£ QO 


A 1 *7A 1 
U.3 /Ul 




U.431 * 


Loo 


A OC 1 1 /C\ 

u.yj iz (j) 


A 1 OOI S1\ 

U.lyo3 (3) 


A 1 CC C /QA 

U.3jjj (3) 


u.uyz (z) 


1 IT / A 

hl3oA 


u.yoyz 


A 1 £.1 1 
U. 10 / 1 


a m 1 
U.3Z3 1 


A 1 1 A* 

U.l 1U^ 




1 A1 CA 
l.UlDU 


A T 1 A/1 
U.Z1U4 


A 1 OAA 


A 1 1 A* 

U.l 1U* 


C3 / 


A OOT1 

U.oozl (o) 


U.loM (4) 


U.4UUO (4) 


A 1 1 A (1\ 

U.11U (3) 


un a 
ri3 /A 


a oinn 

u.ozuy 


O 1 /1Q') 

u. i4yz 


U.3 /oZ 


a 1 n* 
U.13Z 


hl3 /B 


A QCO£ 


A 1 0££ 

u.iyoo 


A A 1 1 O 

U.431& 


a 1 n * 
U.13Z* 


C3o 


A Ol C O /"T\ 

u.yiDo ( /) 


A 1 1 A1 

U.11U3 [j) 


A /i i /; o /c\ 
U.43oy p) 


A 1 ^1 ( A\ 

U.lo3 (4) 






A AOI 1 

U.U831 


A /I C/l £ 


A 1 0£ * 

u.iyo^ 


hl3or> 


A Q7 1 Q 

u.y / io 


A AQ/1 C 


A Af\£A 

U.4U04 


a i o/;* 

u.iyo 


C3y 


1 AAA /l ZO\ 

1.0094 (9) 


A 1 TAA /'*7^ 

0.1300 (7) 


A /I OA 1 

0.4891 (6) 


0.242 (7) 


H39A 


1.0576 


0.1602 


0.4729 


0.363* 


H39B 


1.0464 


0.0930 


0.5063 


0.363* 


H39C 


0.9731 


0.1500 


0.5227 


0.363* 


N2 


0.6446 (4) 


0.4288 (2) 


0.6631 (2) 


0.0680 (13) 


N3 


0.9076 (4) 


0.2582 (2) 


0.3203 (2) 


0.0719(14) 



Atomic displacement parameters (A 2 ) 





U n 


U 22 


C/ 33 


U 12 


U u 


U 2i 


Mol 


0.0567 (3) 


0.0783 (4) 


0.0440 (3) 


0.0116 (2) 


0.0046 (2) 


-0.0007 (2) 


Mo2 


0.0400 (3) 


0.0492 (3) 


0.0878 (4) 


0.0086 (2) 


-0.0024 (2) 


0.0086 (2) 


Mo3 


0.0386 (3) 


0.0488 (3) 


0.0736 (4) 


-0.0025 (2) 


-0.0020 (2) 


-0.0051 (2) 


Mo4 


0.0493 (3) 


0.0469 (3) 


0.0626 (3) 


0.0116 (2) 


0.0042 (2) 


-0.0002 (2) 


Mo5 


0.0462 (3) 


0.0531 (3) 


0.0812 (4) 


-0.0090 (2) 


0.0004 (3) 


-0.0035 (2) 


Mo6 


0.0615 (3) 


0.0900 (4) 


0.0440 (3) 


-0.0026 (3) 


-0.0066 (2) 


0.0055 (3) 


Ol 


0.089 (3) 


0.157(5) 


0.049 (2) 


0.027 (3) 


0.010(2) 


0.002 (2) 


02 


0.059 (2) 


0.073 (2) 


0.055 (2) 


0.0207 (18) 


0.0052(18) 


0.0128(18) 


03 


0.061 (2) 


0.062 (2) 


0.078 (3) 


0.0044(18) 


0.022 (2) 


0.0173 (19) 


04 


0.048 (2) 


0.072 (2) 


0.060 (2) 


0.0024(18) 


-0.0092 (17) 


-0.0203 (19) 


05 


0.054 (2) 


0.064 (2) 


0.073 (3) 


0.0101 (18) 


0.0111 (18) 


-0.0099 (19) 


06 


0.046 (2) 


0.0433 (19) 


0.097 (3) 


0.0001 (16) 


0.0049 (19) 


-0.0001 (18) 


07 


0.037 (2) 


0.061 (2) 


0.094 (3) 


0.0007 (16) 


-0.0030 (19) 


0.0051 (19) 


08 


0.056 (2) 


0.086 (3) 


0.066 (3) 


0.008 (2) 


-0.0114(19) 


0.026 (2) 



sup-6 



supplementary materials 



no 
uy 


A ACQ /T\ 

U.Ujo p J 


A ACQ (^\ 

u.ujy \L) 


A 1 ( A\ 

U. 1 30 pj 


A A1 7 \ 

u.ui / pj 


A AAC OA 

u.uuo p J 


A Al A (X\ 

u.uiy p j 


r\'\ a 
<J1U 


A A/1 7 /">\ 

U.U4Z p J 


U.Ujo \L) 


A A^Q 0\ 

u.ujy p j 


A AA/^A (\ Z.\ 

U.UUoU p JJ 


A AAAQ (\ £.\ 

— u.uuuy poj 


A AA7A ( 1 /CA 

— u.uuzu poj 


A1 1 

<J1 1 


A A/1 o /7 A 

U.U4o p J 


C\ Q7 1 

U.U/1 pj 


A 110 (A \ 

U.13Z p J 


A A 1 Al ( 1 Q\ 

— u.uiu3 pyj 


A AA 1 fOA 

u.uui pj 


A A1 /C /OA 

—U.Ulo p J 


^\^ o 


A A/C1 /7A 

U.U01 pj 


A A*T Q /7\ 

U.UOo {Z) 


A A^O /OA 

u.uoz p J 


A AA 1 ^ ( 1 Q\ 

u.uui j pyj 


A AAQ7 ( 1 CA 

u.uuy / poj 


A A1 7 1 /1 OA 

u.ui /i pyj 


<J1 J 


A ACQ S')\ 

U.Ujo [Z J 


A A/1 *T /7\ 

U.U40 \Z) 


A 1 AA flA 

u. iuu p J 


A AAO£ (\ 1\ 

u.uuzo p / J 


A AAO OA 

u.uuy p j 


A AA^C (\ OA 

u.uu jo pyj 


A1 A 


A A/C/l /7A 

U.U04 [2 ) 


A A71 /7\ 

U.U 1 j \L) 


A A^^ 

u.u j j p J 


A AA77 (\ OA 

u.uu / / pyj 


A AA/IO n CA 
U.UU4Z poj 


A A1 01 (\ OA 
U.UIZj poj 


ni c 
(J i j 


A A/Cl /")\ 

U.UOj p J 


A AQ/T /1\ 

U.U50 p ) 


A A71 (X\ 

u.u / 1 pj 


a ai 1 fy\ 

u.ui 1 pj 


A A1C /OA 

U.UI J p J 


A A1 0 /OA 
U.Ulo p J 


(J 10 


a A/Cl /ia 
U.UOj (3 J 


A A77 /1\ 

u.u /z p J 


A 1 ^O (A\ 

u.i jz p J 


A AOl (1\ 

U.UZj p j 


A A 1 1 /"JA 

u.ui j p J 


A AU /i\ 

u.uio p J 


A1 -7 

Ul / 


A AQC (A\ 

u.uyj (4 J 


a 1 77 /e\ 

U. 1 / / (jJ 


A A/1Q /1A 

u.U4y p j 


A AA 1 f1\ 

u.uui pj 


A A 1 7 /"7A 

- u.uiz p J 


A A1 /I /1A 

U.U14 p J 


A1 Q 

CIS 


A A177 /I Q\ 

U.Uj /Z poj 


A A/177 f1 
U.U4Z / ylo) 


A A/1 ^/l ( 1 OA 

u.u4j4 pyj 


A AA 11 (\ 1\ 

u.uui 1 p jJ 


A AA 10 (\ ^A 

u.uuiy p jJ 


A AAA1 /1 /I A 
U.UUUj P4J 


Mi 

IN 1 


A ACQ /1\ 

u.ujy p ) 


u.u j j p ) 


A ACA Z^IA 
U.UoU p J 


A A1C /OA 

U.UlJ pj 


A AAC /OA 
U.UUo p J 


A AAO /OA 

u.uuz pj 


/^i i 
Cll 


A 111/1 /1 Q\ 

U.Ij 14 poj 


a 1 17/1 /^1 
U. 13 /4 {lo) 


A 1 1/1 1 (\ Q\ 
U.1341 poj 


A A1 OS (\ A \ 
U.UlZo P4J 


A A/l ^£ f1 A\ 
U.U4D0 P4J 


A A/l 1A /1 /I A 
U.U4 JU P4J 


CI 


a n?^ /ia 
U.Ujo (3 J 


Q Q/1 7 /^1\ 

U.U4 / PJ 


A A07 fA \ 

U.UoZ p J 


A AAO (1\ 

U.UUo p J 


A AAO /1A 

U.UUo pj 


A AA1 /1A 

U.UU3 p J 


CZ 


A A71 ( A\ 

U.U / j (4 J 


A ACQ //]\ 

u.ujy pj 


A ACO (^\ 

U.UoZ p J 


A AA 1 CX\ 

u.uui pj 


A Al C CX\ 

U.UI J p J 


A AA^ /1A 

U.UUj p J 


C3 


A AQA /C\ 

U.UoU p ) 


A A7A 

u.u /u pj 


A ACK 

u.uyj p j 


A A1 £> ( A\ 

u.uio pj 


A A 1 1 (A A 

u.ui 1 p J 


A A 1 A //I A 

u.uiu p J 


CA 
C4 


A 1 AC 

U.1UJ (0 J 


A A*r *r /c\ 

u.uoo p J 


A 1 /I O /Q\ 

U.14o p J 


A AO£ ( A\ 

u.uzo pj 


A AO/1 f^A 
U.UZ4 p J 


A AAC /^A 
U.UUo p J 


Cj 


A 1 1 1 //CA 

U.l 1 1 pj 


Q Q7Q fZ\ 
U.U /U (J J 


n nc /7\ 
U.IZj pj 


A Al C ( A \ 

U.U3J pj 


A AAO ( Z.\ 

U.UUo p J 


A A1Q ( A\ 

u.u3y pj 


Co 


A A07 /A\ 

U.UoZ (4 J 


A f\£ 1 //]\ 

U.Uol pj 


A AC7 

U.UoZ p J 


A aa<; /1\ 
U.UUo p J 


A A 1 7 //I A 

u.uiz p J 


A AAA /1A 

u.uuy p j 


C/ 


a ill //c\ 
U.13 1 (o J 


A 1 77 

U. 1ZZ (OJ 


A AGS 

U.Uoo p J 


A A1 1 (^\ 

u.ui 1 pj 


A AO£ /^A 

u.uzo p J 


A A1 7 /^A 

u.ui / pj 


to 


a A77 /A\ 

U.U 11 (4 J 


Q Q7 1 
U.U/1 (4J 


A A 7 /I /'/lA 

U.U /4 p J 


A A77 (1\ 

—\}\)LL p J 


A A 1 Q /■! A 

- u.uiy p j 


A All /1A 

U.U33 p J 


cy 


A A*7Q (A\ 

U.U /o (4 J 


A A/:/) //)\ 

U.U04 pj 


A AC1 /"^A 

U.Uoj p J 


a ai/: cx\ 

u.uio p J 


A AOl (A A 

U.UZj p J 


A A1 0 /1A 

U.Ulo p J 


C1U 


n H71 /^.a 
U.U /i pj 


U.U54 p J 


AIIO / £\ 

u. 1 1 0 pj 


U.U14 p J 


— n nzic ma 

U.U40 p J 


n (YX 1 /AA 
U.UJl pj 


1 1 
Ci 1 


A 1 17 P7\ 

U. 1 j / p J 


A AQ1 /C\ 

U.U5J p J 


f\ Kl /Q-\ 

U.l J J p J 


A AO 1 

u.uzi pj 


A A^l /£A 

U.U j J p J 


A AAO /^A 

u.uuy p j 


Clz 


A AQ 1 /c\ 

u.uy i p j 


A A7/1 //]\ 

U.U /4 pj 


A A07 z'^A 

U.Uo / PJ 


A AOQ (A \ 

— u.uzy p j 


A A 1 A (A A 

u.uiu p J 


A A7 1 //I A 

u.uzi pj 


C13 


A AQQ 

u.uoy (o j 


A 11/1 

U. 1 14 pj 


A 1 A A ^7^ 
U.14U pj 


A A/1 1 (^\ 
U.U41 p J 


A AA£ /^A 

u.uuo p J 


A AOl /^A 
U.UZj p J 


C14 


n 1 7^ ( 1 OA 
U.l / J pzj 


U.Z1 / p4J 


n 044 ( 1 zn 

U.Z44 p4J 


U.UJ4 p 1 J 


— n rKo n 1 a 
u.u jz p 1 j 


— n m /; /1 oa 
u.uio pzj 


CI J 


a 7/C/c /1 qa 

u.zoo pyj 


Q 777 (\ Z.\ 

\}.LL 1 \ Y JJ 


A 17 /^7\ 

U.3 / PJ 


A AC 1 /1 1\ 

U.Uol p3j 


A 1 A 1 (\ /CA 

u.iui poj 


A 1 AA /1 /I A 

u. iuu p4j 


Clo 


a 1 A7 /ca 

u.iu / p J 


u.uoy p J 


U.Uj4 p J 


— U.U30 p J 


A AA 1 (A A 

u.uui pj 


A A1 7 /1A 

u.uiz p J 


CI / 


U.l j J \ l) 


a no 

U. 1Z5 pj 


A ACA (^\ 

U.UoU p J 


A A/l O (^\ 
U.U4Z p J 


A A/l 1 (^\ 

U.U4J p J 


A A1 0 /^A 

U.Ulo p J 


Clo 


A 1 77 /1 A\ 

U.l / / PUJ 


a 77Q /1 7\ 
U.ZZo PZJ 


A 1 1 1 ( Q\ 

U.l 1 J pj 


A A/l fix fQ\ 
U.U40 [y ) 


A A^7 /7A 

U.UJ / pj 


A A17 /OA 

U.Uj / pj 


i q 

ciy 


a c/c /ia 
U.JO (3 J 


n /17 
U.4Z p J 


A 1 /"1 1\ 

U.loo p3J 


A OO /'OA 

— U.zo pj 


A 1 /C/1 ^1 /CA 

U.lo4 poj 


A 177 /1/1A 

— U. IZ / P4J 


czu 


A AQ/1 fZ\ 

u.uy4 p j 


U.Uoo pj 


A AC1 //1\ 

U.U33 pj 


A AA7 /'lA 

— u.uuz p J 


A A A 1 ^1 A 

—u.uui p J 


A A1 O /1A 

U.Ulo p J 


ro 1 
Czl 


A AQC /C\ 

U.Uoj p ) 


Q flOA //1\ 

U.UoU pj 


A A/^^ (A \ 

U.Uoj pj 


A AAO //1\ 

U.UUo pj 


A AA7 /"1A 

—u.uuz p J 


A AAO /1A 

u.uuy p j 


r^oo 
czz 


A 1 A7 /C\ 

U.IU / (p) 


A A77 (A\ 

u.u /z pj 


A A^^ (A\ 

u.uoj p J 


A A1 C f/lA 
U.Ulo pj 


A A 1 A (A\ 

u.uiu pj 


A AA1 /1A 
U.UUj p J 


Cz3 


u.uys (o ) 


Q 1 7 A f/C\ 

u. izu pj 


A 1 AA (&\ 

u.iuu p J 


A A1A fZ\ 

U.U3U p J 


A A 7 1 (A A 

—u.uzi pj 


A A7 1 /C A 

—u.uzi p J 


CZ4 


A AC 7 SA\ 

U.UjZ (4 ) 


A AQ 1 /C\ 

u.uy 1 p j 


A AQ/1 (^\ 

u.uy4 p j 


A AA 1 flA 

u.uui p J 


A AOC CX\ 

U.UZo p J 


A Al c //n 

U.UI J p J 


CZj 


A A/:c //i\ 

U.UOj (4 ) 


u. 1 iz pj 


A AC£ 
U.UoO p J 


A AAC f/lA 
U.UUo p J 


A AO^ (A A 
U.UZJ PJ 


A A 1 7 (A A 

u.ui / pj 


CZO 


A 1 AQ 

u.iuy (o ) 


a 1 1 q (q\ 

u. i3y pj 


A 1 AA (&.\ 

u.iuu p J 


A AA 1 /^A 

u.uui p J 


A A/11 f^A 
U.U4J p J 


A A1 1 /^A 

u.ui 1 pj 


^07 

Cz / 


A 1 1 Q \ 

U.135 { 1) 


A 1 Q Q / Q\ 

U. loo pj 


A AQ1 (&\ 

u.uy3 p j 


A A1 O f7A 

— U.Ulz pj 


A AOO /^A 

u.uzz p J 


A Al Q 

U.Ulo pj 


CZo 


A ACl ( A\ 

U.UjZ (4 ) 


A AQQ (C\ 

u.uoy p j 


A AC£ 

U.UoO p J 


A AAO flA 

u.uuz p J 


A A 1 O /1A 

u.uiz p J 


A Al c //n 

U.UI J p J 


czy 


Q Q77 fZ\ 

U.U / / pj 


A 1 AA 

u. iuu p J 


A ACQ 

U.Uoo p J 


A Al O //l A 

— u.uiz p J 


A AOO ( A\ 

\}.\jLL p j 


A A1 O //I A 

—U.Ulo p J 


CjU 


A 1 1 i /7\ 
U.l 1Z ( / ) 


A 1 /I A fCA 
U. 14U {0 J 


A 1 1 Q /• ~] \ 

u. 1 iy p j 


A Al^ 
U.U J J [O J 


A A1A (^\ 

u.u ju p J 


A Al/1 //CA 
U.Uj4 p J 


C3 1 


Pi 1 QQ f~l\ 

U.1UU { 1) 


A 1 ( 1 A\ 

U. loj pUJ 


A 1 71 fQ\ 

U.1Z3 p J 


A aa<; f£\ 
—U.UUO p J 


A AAC //CA 

— U.UUj p j 


A A7 0 //CA 

U.UZo pj 


C32 


A A C /I //1 ^ 

0.056 (4) 


A AO 1 / /I \ 

0.0s2 (4) 


A A O C (A \ 

0.0s5 (4) 


A A 1 A /l \ 

0.010 (3) 


a a 1 /l ^ 

0.016 (3) 


A A 1 /I / A \ 

-0.014 (4) 


C33 


0.076 (5) 


0.130 (7) 


0.123 (6) 


-0.018(5) 


0.007 (4) 


-0.045 (5) 


C34 


0.112(7) 


0.202 (10) 


0.141 (8) 


-0.019 (7) 


-0.007 (6) 


-0.092 (7) 


C35 


0.265 (16) 


0.34 (2) 


0.255 (16) 


-0.025 (15) 


0.018(13) 


-0.144 (14) 


C36 


0.065 (4) 


0.079 (5) 


0.130 (6) 


0.014 (4) 


0.001 (4) 


-0.009 (4) 


C37 


0.085 (5) 


0.102 (6) 


0.141 (7) 


-0.014 (5) 


-0.007 (5) 


0.020 (5) 



sup-7 



supplementary materials 



C38 


0.107 (7) 


0.166 (9) 


0.213 (12) 0.009 (7) 


-0.013 (7) 0 


C39 


0.159(11) 


0.38 (2) 


0.192 (13) 0.084 (13) 


0.053 (9) 0 


N2 


0.077 (3) 


0.068 (3) 


0.057 (3) -0.023 (3) 


-0.001 (3) 0 


N3 


0.053 (3) 


0.081 (4) 


0.083 (4) 0.007 (3) 


0.013 (3) 


Geometric parameters (A, °) 








Mol— Ol 




1 £1 A ( A\ 

1.6 /4 (4) 


C16 — CI / 


i.4ys (6) 


Mol— 02 




1 nl 1 (7 1 
1.911 (i) 


C16 — H16A 


A (17(1(1 

u.y /uu 


Mol— 05 




1 n 1 7 (71 
1.913 (3) 


1 £ ui £T"> 
C 1 6 — H 1 6hs 


u.y /UU 


Mol— 03 




l.yll (4) 


1 "7 no 
C 1 / — C 1 6 


1 co a /n\ 
1.524 (y) 


Mol— 04 




1 n/in (7 1 
1.949 (3) 


1 "7 unA 
C 1 / — ri 1 /A 


u.y /uu 


Mol— Ol 8 




t ni (7\ 
I. ill (i) 


Pin TT 1 7T> 

CI / — HI lis 


A (1*7/1/1 

u.y /uu 


Mo2— 09 




1 /: oc (7 1 
1.680 (3) 


no nn 
C18 — C19 


1 1(1(1 (Ol 

i.3yy (6) 


Mo2— 07 




1 QQA (71 

1.664 (i) 


no tt 1 0 a 
C 1 6 — H 1 8A 


(1 (1*7(1(1 

U.9 /UU 


Mo2— 08 




1 aac 1 a\ 
1.VU5 (4) 


no TJ 1 00 
C 1 6 — H 1 OD 


(1 (1*7(1(1 

U.9 /UU 


Mo2— 05 




1 mi i a\ 
1.921 (4) 


nn tj m a 
C19 — H19A 


A (1(/1/1 

u.y6uu 


Mo2— 06 




1 nci (71 
1.VD3 (i) 


nn tt 1 no 
C19 — H19B 


(1 fiend 
U.y6UU 


Mo2— Ol 8 




*1 7 CA (71 

2.35U (i) 


nn tj 1 n/^ 

C19 — Hiyc 


A (1(/1/1 

u.y6uu 


Mo3— Oil 




1.662 (i) 


C2U — C2 1 


1 CA/1 ("71 

1.5U4 (/) 


Mo3— 06 




1 aai (71 
l.yUl (i) 


pn(1 "\T7 

C2U — JN2 


1 ci 0 (/;! 
1.516 (6) 


Mo3— 04 




1 Q 1 £ (71 

l.y 10 (3J 


C2U — rl2UA 


(1 Q*7(1(1 

u.y /uu 


Mo3— 012 




1 A7A (71 
l.yiU (3 J 


r">/i TJ7AT7 
C2U — H2Ui5 


A (1*7(1(1 

u.y /uu 


Mo3— O10 




1 A7 /; (7 1 
1.V36 (3) 


C21 — C22 


1 *n C71 
1.513 (/) 


Mo3— Ol 8 




l.iil (i) 


C21 — H21A 


(1 (1*7(1(1 

u.y /uu 


Mo4— Nl 




1 777 //i 1 
1. til (4) 


C21 — H21B 


(1 (1*7(1(1 

u.y /uu 


Mo4— 02 




1 n 1 c (7 1 
1.916 (3) 


C22 — C23 


1 C*>(1 (ol 

1.52U (6) 


Mo4— O10 




1 00/: (71 

i.y2o (i) 


C22 — rl22A 


A A"7AA 

u.y /uu 


Mo4— OH 




1 n/i 0 (7 1 
l.y46 (3) 


pn TJ7717 
(_22 — H22B 


A (17(1(1 

u.y /uu 


Mo4— Ol 3 




1 no/i (71 
1.V6U (3) 


(^77 T_TT3 A 

C23 — H23A 


A ACAA 

U.y6UU 


Mo4— Ol 8 




*i 1 /i\ 
2.221 (3) 


/*""77 TJ77T7 
C23 — H23B 


A ACAA 

u.y6uu 


Mo5— Ol 6 




1 ^CC (/I 1 
1.066 (4) 


C23 — H23C 


A QC/l/l 

u.youu 


Mo5— Ol 3 




1 0/*:7 (71 

1.663 (3) 


C24 — C25 


1 /im (01 

1.492 (6) 


Mo5— Ol 5 




1 m /* //ii 
1.916 (4) 


C24 — JN 3 


1 Cl(l ("71 

i.5iy (/) 


Mo5— 03 




1 (111 SA\ 

1.932 (4) 


("^7/1 T_TO /I A 

C24 — H24A 


A [17(1(1 

U.9 /UU 


Mo5— 07 




1 (1C/I (71 

l.y54 (3) 


("^7/1 TJTyiD 

C24 — H24B 


A (17(1(1 

u.y /uu 


Mo5— Ol 8 




I. ill (3) 


/*""7<" 
C25 — C26 


1 C/11 (Ol 

1.542 (6) 


M06— 017 




1 C70 (;i 1 
1.6 /8 (4) 


C25 — H25A 


A A7AA 

u.y /UU 


M06— 014 




1 ooi nl 
1.662 (3) 


PTC TjTfn 

C25 — H25B 


A A7AA 

u.y /UU 


M06— 012 




1 die n"i 
1.91D (i) 


t~"^£ r^77 
C26 — C2 / 


1 A 0£ (Al 

1.466 (y) 


M06— 08 




1 Q">7 (/II 


C2o — rl2oA 


A Q7AA 

u.y /uu 


M06— Ol 5 




1 CiA A ( A \ 

l.y44 (4) 


C26 — H26B 


A A7AA 
U.9 /UU 


M06— Ol 8 




*i 777 (71 
2.332 (3) 


C2 / — H2 /A 


A ACAA 

U.y6UU 


Nl— CI 




1.394(6) 


C27— H27B 


0.9600 


Cll— C3 




1.744 (6) 


C27— H27C 


0.9600 


CI— C6 




1.393 (7) 


C28— N3 


1.512 (7) 


CI— C2 




1.404 (7) 


C28— C29 


1.517 (7) 


C2— C3 




1.366 (7) 


C28— H28A 


0.9700 


C2— H2 




0.9300 


C28— H28B 


0.9700 



sup-8 



supplementary materials 



po p a 

C3 — C4 


1 i c/: fQ\ 
1.356 (5) 


P/i nr 

C4 — CD 


1 1"71 /n\ 

i.i /i (y) 


C4 — H4 


n mnn 


CD CO 


1 /inn /o\ 
1.4UU (5) 


PC IIC 

Cj — rlD 


n mnn 


p/. p-7 

Co — C / 


1 /im 
VAy 1(1) 


I I "7 A 

C / — hi /A 


n n/:nn 
U.VOUU 


C/ — H/B 


n n/:nn 

u.youu 


C / — H / C 


n n/;nn 

u.youu 


pq pn 

Co — cy 


1 a m /o\ 
1.4yi (5) 


Co — JNZ 


1 CIO /"7\ 
1.526 (/) 


PQ lit) * 

Co — HoA 


n n"7nn 

u.y /UU 


po iion 

Co — Hor> 


n mnn 

u.y /UU 


ppi pin 

cy — ciu 


1 cn fn\ 
1.532 (/) 


nn I m A 

cy — HvA 


n mnn 

u.y /UU 


C9 — H9B 


n mnn 

u.y /uu 


Pin n i 
C 1 U — C 1 1 


1 /t o 1 / 1 n\ 
1.481 (1U) 


Pin tt m a 
CIU — H1UA 


n mnn 

u.y /UU 


pin it i nn 

CIU — HlUr> 


n Q7nn 

u.y /uu 


p 1 1 tt 1 1 A 

CI 1 — HI 1A 


n n/:nn 

u.youu 


pi 1 ill 1 13 

CI 1 — rll IB 


n n/;nn 

u.youu 


pi i 1 1 1 u' 
CI 1 — rll 1C 


n o^nn 

u.youu 


pn \n 
ClZ — JNZ 


i cm i a\ 

1.519 (0) 


p 1 T p| ■> 

Clz — CI 3 


1 CT1 

1.521 (5) 


pi o Tin a 
ClZ — H1ZA 


n mnn 
u.y /UU 


pn TT 1 TO 

ClZ — HIZB 


n mnn 

u.y /UU 


CI 3 — C14 


1.707 (13) 


PI 1 TT 1 1 A 

C13 — H13A 


n mnn 

u.y /UU 


PI 1 TJ1 ID 

C13 — H13r> 


n mnn 

u.y /UU 


pi /i pu 
C14 — CI D 


1 OT/I /Q\ 

1.334 (5) 


r 1 4 T4 1 4 A 


0 97UU 


C14 — H14B 


U.97UU 


C15 — H15A 


U.96UU 


C15 — H15B 


U.96UU 


C15 — H15C 


U.96UU 


Cl 6 — N2 


1.492 (7) 


p. 1 A 1 P.1 

Ul — Mol — U2 


1 m on ( 1 q\ 
1U3.0V (lo) 


P. 1 A /f ~ 1 P.C 

Ul — Mol — U5 


1U3.3 / (lo) 


P.^ A A~ 1 P.C 

U2 — Mo 1 — Uj 


1 jZ.O / (14) 


P. 1 A 1 

Ul — Mol — U3 


1 ac cn ( 1 n\ 
lUD.Dy (iy) 


p.1 a 1 p.1 

U2 — Mo 1 — U3 


0*7 n /HA 

o/.l / (Id) 


Uj — Mo 1 — U 3 


q-7 to /i r\ 

o /.3o (1 j) 


P. 1 A 1 P./1 

Ul — Mol — U4 


1 a 1 m ( 1 n\ 

lui.yi (iy) 


/~\1 A(f^i pv/i 

U2 — Mo 1 — U4 


86.63 (15) 


U5— Mol— U4 


85.95 (14) 


U3— Mol— 04 


152.49 (14) 


Ul— Mol— 018 


177.88 (18) 


U2— Mol— 018 


75.75 (12) 


U5— Mol— 018 


76.93 (12) 



pin pm 
U29 — C3U 


1 CT> f'Q\ 

1.522 (6) 


pin mn a 
U2y — H2yA 


n mnn 

u.y /UU 


pin mno 

C2y — H2yts 


n mnn 

u.y /UU 


U3U — U31 


1.463 (y) 


P'jn m n a 
C3U — H3UA 


n mnn 

u.y /UU 


pin uinrj 
C3U — H3Uhs 


n mnn 
u.y /UU 


C31 — H31A 


n n/;nn 
U.y6UU 


C31 — H31B 


n n/;nn 

U.96UU 


C31 — H31C 


n n/;nn 
U.96UU 


C32 — U33 


1 A Q"7 

1.46/ (6) 


U32 — JN3 


1 Cl£ i£\ 

1.516 (6) 


U32 — H32A 


n mnn 

u.y /UU 


C32 — H32B 


n mnn 

u.y /UU 


U33 — C34 


1 con ta\ 
1.52U (y) 


C33 — H33A 


n mnn 

u.y /UU 


U33 — H33B 


n mnn 

u.y /UU 


J nc 

U34 — C35 


1 /I /; 1 /"7\ 

1.461 (/) 


U34 — H34A 


n mnn 

u.y /UU 


C34 — rl34r5 


n Q7nn 

u.y /uu 


PIC Ul C A 

U35 — H35A 


n n/;nn 
U.y6UU 


PIC Ul CD 

C35 — H35B 


n n/;nn 
U.y6UU 


PIC U1CP 

C35 — H35C 


n o^nn 

u.y&uu 


pit pn 
C36 — U3 / 


1 cn/i ft\\ 

1.5U4 (y) 


Pl£ XTQ 

U36 — JN3 


1 CT7 {H\ 
1.52/ (/) 


PI/; UTS A 

C36 — H36A 


n mnn 
u.y /UU 


pi£ TTT/'D 

U36 — H36B 


n mnn 

u.y /UU 


PI "7 PI O 

U3 / — C35 


1 cn/; ^1 n\ 
1.5U6 (1U) 


PI "7 Ul "7 A 

U3 / — H3 /A 


n mnn 

u.y /UU 


PI "7 Ul ^7TD 

U3 / — H3 /B 


n mnn 

u.y /UU 


C38— C39 


1.445 (13) 


C38— H38A 


U.970U 


C38 — H38B 


U.97UU 


C39 — H39A 


U.96UU 


C39 — H39B 


U.96UU 


C39 — H39C 


U.96UU 


pn pn uiia 
U12 — U13 — H13A 


111.6 


P1/1 pn TT1TA 

C14 — C13 — H13A 


111 o 
111.6 


pn pn tti m 
C12 — C13 — H13B 


111.8 


pn pn uno 
C14 — C13 — H13B 


111.6 


un a pn unr> 
H 1 3 A — C 1 3 — H I iB 


1 nn c 
1U9.5 


pi c pn pn 
U15 — U14 — U13 


1 n/i i /"1 1\ 
1U4.1 (12) 


pi c pn trl A A 
C15 — C14 — H14A 


1 1 n n 

i iu.y 


C13— C14— H14A 


110.9 


C15— C14— H14B 


110.9 


C13— C14— H14B 


110.9 


H14A— C14— H14B 


109.0 


C14— C15— H15A 


109.5 


C14— C15— H15B 


109.5 



sup-9 



supplementary materials 



A ,f „ i a i o 

U3 — Mo 1 — <J 1 o 


"7/; CA / 1 T\ 

/o.jU (IZ) 


A /I » * _ 1 A1 D 

U4 — Mo 1 — Ulo 


7£ AA / 1 T\ 

/o.UU (IZ) 


uy — MoZ — (J / 


1 ai no /i z:\ 
lU3.yo (lo) 


Uy — MOZ — Uo 


1 AI QQ (\ Q\ 

iu3.y& (iy) 


AT \jf n n f'W 

<J / — MoZ — Uo 


oo AI / 1 7\ 

00.43 (1 /) 


uy — Moz — Uj 


1 AI £0 A 0\ 

1U3.0O (lo) 


U / — MoZ — Uj 


Q-7 -7/1 / 1 /Z\ 

o / . /4 (lo) 


AO \J„') AC 

Uo — MoZ — Uj 


1 jZ.Io (14) 


Uv — MoZ — Uo 


1 AI AA ( 1 /Z\ 

iu3.uy (io) 


U / — MoZ — Uo 


1 C"> A 1 A! 

ijz.yi (13) 


AO A i[„1 A£ 

Uo — MoZ — Uo 


0£ AA /"1 C\ 

oo.UU (1 j) 


Uj — MoZ — Uo 


O/l AO { 1 /l\ 

o4.yo (14) 


AO A J„l Ai o 

uy — MoZ — U 1 o 


1 *7A A/1 / 1 C\ 

i /y.u4 (i j) 


U / — MoZ — U 1 o 


H6. AC ( 1 7\ 

/o.yj (iz) 


AO M„l Ai o 

Uo — MoZ — U 1 o 


/o.ZZ (IZ) 


AC A J„1 A1 O 

Uj — MoZ — U 1 o 


7£ AO f\ **>\ 

/o.Uo (IZ) 


Uo — MoZ — U 1 o 


*7C AO a: 1 \ 

/j.yo (ii) 


A 1 1 A ,f „ 1 A£ 

Ul 1 — Mo3 — Uo 


1 A/1 1 £ / 1 £\ 

1U4.10 (lo) 


A 1 1 AA„1 A/1 

Ul 1 — MO j — U4 


1 AI 77 (\ H\ 

1U3. / / (1 /) 


Uo — Mo 3 — U4 


0*7 /I A fi A\ 

0/.44 (14) 


AI 1 » J„1 All 

Ul 1 — Mo j — U1Z 


1 AI AH ( \ 7\ 

1U3.4 / (1 /) 


A/T A/f^l A 1 0 

Uo — Mo 3 — U 1 Z 


0*7 "7*7 ^1 C\ 

of. 1 1 (1j) 


A /I A/Tp.1 A 1 0 

U4 — MO 3 — U 1 Z 


1 ^n £G f 1 /1\ 

i jz.oy (14) 


A 1 1 A/fnl A 1 A 

Ul 1 — Mo3 — U1U 


1 AT 1 *7 / 1 £\ 

1UZ.3 / (lo) 


/V, A lfnl A 1 A 

Uo — Mo j — U 1 U 


1 CI /I 1 /I \ 

133.40 (14) 


A /I AJnl A 1 A 

U'H MO 3 — U 1 U 


07 A£ /'I 

o /.Uo (1 j) 


AH A/Tp-I A 1 A 

U 1 Z — Mo 3 — U 1 U 


oc n f\A\ 
oj.33 (14) 


AI I A/fnl Aio 

Ul 1 — Mo3 — Ulo 


1*70 /lO ( A A\ 

1 /o.4o (14) 


Uo — Mo 3 — U 1 o 


nn i/z A! 1 \ 
/ /.3o (11) 


A /l X/nl A1 0 

U'H MO 3 — U 1 o 


nc* n /1 n\ 
lb. 51 (IZ) 


An A J n 1 A 1 o 

U 1 Z — Mo 3 — U 1 o 


*7/i A A / 1 1\ 

/0.4U (IZ) 


A 1 A A^nl A 1 O 

U 1 U — Mo 3 — U 1 o 


/o.lZ (IZ) 


JN I — Mo4 — UZ 


1 ai ni f i t\ 
1U3. 15 (1 /) 


XT 1 A/Tp./1 A 1 A 

JN 1 — Mo4 — U 1 U 


1 A/1 "7T /'I 7\ 
1U4. /Z (1 /) 


A") AJp./1 A 1 A 

UZ — Mo4 — U 1 U 


OA AO { 1 C\ 

oy.yo (1 j) 


XT 1 A K^A A 1 /I 

JN 1 — Mo4 — U 1 4 


1 AA 1 *7 / 1 0\ 

1UU.3 / (lo) 


Ul — Mo4 — U 1 4 


1 ^0 ^1 /1\ 

Jjj.jo (14) 


A 1 A WA^A A 1 /I 

U 1 U — Mo4 — U 1 4 


07 £0 /1 /1\ 
O /.Do (14) 


XT 1 A H^A A1 1 

JN 1 — Mo4 — U 1 3 


ao nn a: 7\ 
yo. 11 (1 /) 


UZ — Mo4 — U 1 3 


0/i /'I c\ 

00.03 (1j) 


A 1 A A/T^/1 A 1 a 

U 1 U — Mo4 — U 1 3 


1 j0.4o (13) 


A 1 A A/f/,^ A11 

U 1 4 — Mo4 — U 1 3 


OC OA ( 1 C\ 

oj.oy (1 D) 


XT 1 A A A 1 O 

JN 1 — Mo4 — U 1 o 


1 7C C C f \ £.\ 

1 / J.00 (lo) 


AT i J„/| A1 O 

UZ — Mo4 — U 1 o 


no 1 /; / 1 ->\ 

76.16 (12) 


O10— Mo4— 018 


79.09 (11) 


OH— Mo4— 018 


77.52 (12) 


OB— Mo4— 018 


77.41 (12) 


016— Mo5— 013 


104.76 (17) 


016— Mo5— 015 


102.96 (19) 



tl I D A — C 1 J — H LJD 


1 AA C 

luy.j 


C14 — CI 5 — H15C 


1 AA C 

109.5 


UK A PI C rjKp 


1 AA C 

luy.D 


Ul rn pic tt 1 CP 

tl 1 515 — C 1 J — ti 1 5C 


1 AA C 

luy.D 


Ml pii: p 1 "7 

JN2 — C16 — CI / 


1 1 C 7 /C\ 

115.7 (5) 


\n pk ui i; a 
JNZ — CI 6 — rl!6A 


1 no a 
lUo.4 


PIT pu uiir* 

CI / — C16 — H16A 


1 no a 
1U0.4 


JN2 — C16 — H16B 


1 no a 
1U0.4 


PIT PU nun 

C 1 / — C 1 6 — ti 1 6B 


1 no a 
1U0.4 


Ui/T* pu nun 

H 1 6A — C 1 6 — ti 1 6hs 


1 nT a 
10/. 4 


pi/; pn pio 

C16 — C17 — Cla 


i nT /; /t\ 

107.6 (7) 


pu PIT unA 
C 1 6 — C 1 / — ti 1 / A 


1 1 n i 
1 1U.2 


pio PIT unA 
C 1 S — C 1 / — ti 1 / A 


1 1 n i 
1 1U.2 


pu pit unD 
C16 — CI / — HI ID 


1 1 n i 
1 1U.2 


pin P1T tt 1 TD 

Clo — CI / — HI ID 


1 1 n i 
1 1U.2 


U1TA P1T Ul TD 

HI /A — CI / — HI ID 


1 no c 


pin pio pit 

ciy — cio — ci / 


I 1 t a /n\ 

I I / .4 (y) 


pin pio ui o a 
CIV — Clo — HloA 


1 no n 

luo.u 


PIT PIO U1QA 

C 1 / — C 1 0 — H 1 0 A 


1 no n 
lUo.U 


pin pio uiod 
CIV — Clo — Hlohs 


1 no n 

luo.u 


PIT PIO UIOD 

C 1 / — C 1 0 — H 1 ohs 


1 no n 
lUo.U 


UIOA PIO UIOD 

H 1 OA — C 1 0 — H 1 ohs 


1 nT i 
10/. 2 


pio pin uioa 
Clo — CIV — H1VA 


1 nn c 


pio pin uiod 
Clo — Ciy — H1VB 


1 nn c 


uinA pm ui nD 
H 1 VA — C 1 V — H 1 VB 


1 nn c 


pio pin uinp 

cio — ciy — Hiyc 


1 nn c 


uinA pin ui np 

h i yA — c i y — h i yc 


1 nn c 

luy.D 


u 1 nD p 1 n u 1 np 

h i yB — c i y — h i yc 


1 nn c 

luy.D 


pu pm "\TT 

Czl — C20 — JN2 


1 1 <r n / A \ 

116.0 (4) 


pu pin mn a 
C2 1 — C2U — H2U A 


i no i 
lUo.l 


Pm mn a 
JN 2 — C20 — H20 A 


108.1 


pu pm TTmD 
C2 1 — C20 — H20B 


1 no 1 

108.1 


tvti pin mnD 
JN 2 — C20 — H20B 


1 no 1 

108.1 


um a pin uinD 
H2UA — C2U — H2UB 


1 nT i 
10/. 3 


Pin Pii Pii 
C20 — C2 1 — C22 


1 nn c /cl 

10y.5 (5) 


pin P11 Ul 1 A 

C2U — C2 1 — H2 1 A 


1 nn o 

luy.o 


PII P11 Ul 1 A 

C22 — C2 1 — H2 1 A 


1 nn o 

luy.o 


P">n P11 Ul 1 D 

C2U — C2 1 — H2 1 B 


1 nn o 

luy.o 


PII P11 TT11D 

C22 — C2 1 — H2 1 B 


1 nn o 

ioy.8 


TT11 A PI 1 TT11D 

H21A — C21 — H21B 


108.2 


pii pii pn 
C2 1 — C22 — C2 i 


111/; /cl 

112.6 (5) 


P11 PII U11 A 

C2 1 — C22 — H22 A 


1 nn 1 

iuy.1 


/~ 1 1'5 /"'H U11 A 

C23 — C22 — H22A 


1 nn 1 

luy.i 


C21— C22— H22B 


109.1 


C23— C22— H22B 


109.1 


H22A— C22— H22B 


107.8 


C22— C23— H23A 


109.5 


C22— C23— H23B 


109.5 


H23A— C23— H23B 


109.5 



sup-10 



supplementary materials 



U 1 3 — Mo j — U 1 j 


oy.oZ (lo) 


U 1 o — Mo j — U3 


1 A/1 AI ( 1 OA 

1U4.U3 {[y) 


U13 — Moj — U3 


oo nn n c\ 
55. UU ( 1 j) 


a i c liyf^f r\i 

U 1 j — MO J — U3 


1 C"> C7 /'I C\ 

1 jZ.j / (1 J) 


U 1 o — Mod — U I 


1 A 1 on ( 1 7\ 

1U1 .yy (1 /) 


u 1 3 — mod — u / 


1 CI T1 /" 1 yl \ 

1J3.Z3 (14) 


u i j — mod — u / 


OC 1 Q C\H\ 

oj. lo (1 /) 


<J3 — MO J — U / 


54. J / (10) 


U 1 0 — Mo J — U 1 O 


no t> /i £\ 
1 lis. 11 (lo) 


U 1 3 — MO J — U 1 5 


"7*7 m (\ i\ 

/ /.Ul (1Z) 


U 1 j — Moj — U 1 5 


/O. /I (13) 


U3 — Moj — U 1 5 


/0. 1 / (1Z) 


A7 M„r A i o 

U / — Moj — U 1 o 


/o.Zj (1Z) 


A i -7 a i a 

Ul / — Moo — U14 


1 AI O /I / 1 A\ 

1U3.54 (iy) 


Ul / — Moo — U1Z 


1 A/1 /i*7 / 1 A\ 

iu4.o / (iy) 


(J 1 4 — Mo o — U 1 Z 


0*7 AC ( 1 C\ 

5/.yj (ij) 


An A/r,-.£ ao 
Ul / — Moo — Uo 


1 AI OT / 1 A\ 

1U3.5Z (iy) 


A 1 /I Af„/- AC 1 

U 1 4 — Mo o — U 5 


1 O TO ^1 C\ 

IjZ.Zs (1j) 


U1Z — MOO — U5 


or OA /'I C^ 
50. 5U (1 Jj 


An A/T,-.£ Ai r 

Ul / — Moo — Ul j 


1 AT C£ / 1 A\ 

luz.jo (iy) 


a i /i AJ^z: AI c 
U 1 4 — MO 0 — U 1 J 


0*7 "71 (\ &\ 
5/. /I (lOj 


An ~\A~^6. Ai r 

U 1 Z — Mo 0 — U 1 j 


1 JZ.o / (1 JJ 


AO A/T^./i A 1 c 

Uo — Moo — U 1 J 


0/1 £1 /1 '7\ 

54.01 {if) 


AIT A/T,-.£ AI O 

Ul / — Moo — Ulo 


no /;i no\ 
1 /5.03 (15) 


A 1 /) Ayf^./i A 1 Q 

U 1 4 — Mo o — U 1 o 


*7/^ AI ( '1 T\ 

/0.U3 (1ZJ 


AI "\ A 1 Q 

U 1 Z — Mo o — U 1 o 


/o.oy (izj 


AO A/T,-.£ A 1 O 

Uo — Moo — U 1 o 


/O.Z/ (1Z) 


Air n ai o 

U 1 j — Mo o — U 1 o 


*7/i AO / 1 1\ 

/o.Us (13) 


» T„ 1 AT A/T.-./1 

Mo 1 — UZ — Mo4 


1 1 C 11 /i\ 

llJ. 33 (lo) 


MO 1 — U3 — MO j 


I 1 "7 (\ £\ 

I I /.Z3 (lo) 


Mo 3 — U4 — Mo 1 


1 1 *7 TO C\ 
1 1 /.Zd (1 J) 


A A ^ 1 AC A Jnl 

Mo 1 — U j — MoZ 


I 1 *7 &Q ( i /:\ 

II /.05 (10) 


Mo 3 — Uo — MoZ 


I 1 *7 n /1 £\ 

II /.3Z (lo) 


MoZ — U / — Moj 


I 1 "7 £ 1 /1 H\ 

I I /.Ol (1 /) 


MoZ — Uo — Moo 


lis. Z3 (lo) 


MO 4 — U 1 U — MO 3 


11/1 A/^ /'I 

1 14. Uo (lo) 


MO o — U 1 Z — MO 3 


117 1 C (~\ &\ 

1 1 /.3 J (lo) 


A,f„C AI 1 A4",-./1 

Moj — U 1 3 — Mo4 


11/1 0 1 /1 

114.51 (lo) 


A/T.-./C A 1 /I A/T.-./1 

Moo — U 1 4 Mo 4 


I 1 c /;*) /1 

II j.oZ (lo) 


Mo J — U 1 J — Mo o 


11 /. 13 (lo) 


Mo4 U 1 o — MO 1 


QA 71 (\ (\\ 

yu. /3 (iu) 


A/f^./l A1 O A/T.-.C 

Mo 4 — U 1 o — Moj 


AA 77 (C\\ 

yu. / / (y) 


J T„ 1 AI O A/T.-.C 

Mo 1 — U 1 o — Mo J 


AA 1 A / 1 A\ 

yu. iu (iu) 


A A ^ A A 1 O A A ~ £L 

Mo 4 — U 1 o — Moo 


AA 77 ( 1 A\ 

90.77 (10) 


Mol— 018— Mo6 


178.49 (13) 


Mo5— 018— Mo6 


89.99 (9) 


Mo4— 018— Mo3 


90.71 (10) 


Mol— 018— Mo3 


90.34 (9) 


Mo5— 018— Mo3 


178.45 (13) 



C22 — — 


1 nn £ 
109.3 


H23A — C2j — H23C 


1 nn £ 
109. 3 


H23B — C23 — H23C 


1 nn £ 
109.3 


C25 — C24 — JN 5 


i i £ £ 
llO.O (3) 


PTC A 

C25 — C24 — H24A 


1 no 1 
106.1 


JN 3 — C24 — H24 A 


1 no 1 
106.1 


C2D — C24 — H24J3 


1 no 1 
106.1 


JN 3 — C24 — H24J3 


1 no 1 
106.1 


H24A — C24 H24J3 


1 n~7 i 
10/. 3 


f^"tA p^yf 

C24 — C25 — C2o 


1 no n i £\ 
106.9 (0) 


r^T/i nc uic a 
C24 — C2_> — H25A 


1 nn n 
109.9 


/^t/: mc a 
C2o — C25 — H25A 


1 nn n 
109.9 


C24 — C25 — H25J3 


1 nn n 
109.9 


C2o — C25 — H25r5 


1 nn n 
109.9 


mcA nr mcr> 
H25A — C25 — HlZ>D 


1 no i 
106.3 


l~"^H 

C2 / — C2o — C25 


11/11 l"7\ 

114.1 (/) 


z" 1 ^)/; uo/c a 
C2 / — C2o — H2dA 


1 no "7 
106. / 


r^T/; m/: a 
C25 — C2o — H2dA 


1 no "7 
106. / 


C2 / — C2o — H2DJ3 


1 no "7 
106. / 


C25 — C2o — H2DJ3 


1 no "7 
106. / 


HZ OA — C2 0 — HZ OD 


1 n"7 /: 
10/. 0 


f^^c r*"in un a 
C2o — C2 / — HZ / A 


1 nn £ 
109.3 


C2d — C2 / — HZ id 


1 no ^ 
109.3 


UT7 A TJT7D 

H2 /A — C2 / — H2 ID 


1 nn £ 
109.3 


C2o — C2 / — H2 /C 


1 nn £ 
109.3 


HZ /A — C2 / — HZ /C 


1 nn £ 
109.3 


H2 /hs — C2 / — H2 /C 


1 nn £ 
109.3 


mi no no 
JN 3 — C25 — C29 


1 1 C A fz\ 

113.4 (3) 


JN 5 — C25 — rl2oA 


1 no a 
106.4 


nn no mo a 
C29 — C25 — H25A 


1 no a 
106.4 


mi no mor> 
JN i — C25 — H25J3 


1 no a 
106.4 


/~">n no moo 
C29 — C26 — H26J3 


1 no a 
106.4 


mo a no moo 
HZ 5 A — C2 5 — H2 5J3 


1 n~7 £ 
10/. 3 


no r^Tn no 
C25 — C29 — C30 


1 1 1 n 
111.0 (3) 


no nn mn a 
C25 — C29 — H29A 


1 nn a 
109.4 


n^ nn mn a 
C30 — C29 — H29A 


1 nn a 
109.4 


poo pin mno 
C25 — C29 — H29r5 


1 nn a 
109.4 


pia nn mno 
C30 — C29 — H29B 


1 nn a 
109.4 


mn a nn mno 
H29A — C29 — H29JD 


1 no n 
106.0 


/^i 1 nn nn 
C5 1 — C30 — C29 


1 1 C /C /"7\ 

113.0 (/) 


r^i 1 r^m mn a 
CJ 1 — C30 — H30 A 


1 no a 
106.4 


nn nn mn a 
C29 — C30 — H30A 


1 no a 
106.4 


/^i 1 /^m mno 
C31 — C30 — H30J3 


1 no a 
106.4 


C29— C30— H30B 


108.4 


H30A— C30— H30B 


107.4 


C30— C31— H31A 


109.5 


C30— C31— H31B 


109.5 


H31A— C31— H31B 


109.5 


C30— C31— H31C 


109.5 



sup-11 



supplementary materials 



M„/; pi i o A/T~1 

Mo o — <J 1 o — Mo 3 


on ci { 1 n\ 
89.53 (10) 


Mo 4 — <J 1 o — Mo 2 


1 in m / 1 o\ 
1 ly.yi (18) 


Mo 1 — <J 1 o — Moz 


on ti 1 1 n\ 
89.23 (10) 


MO 3 — <Jlo — MOZ 


on i i (q,\ 
ay. 1 1 (y) 


Moo — <Jlo — Moz 


on n /n\ 
ay. 11 (y) 


Mo 3 — Ulo — Moz 


on ^n\ 
oy.ij (y) 


p 1 \T 1 A,f~/1 

CI — JN 1 — Mo4 


1 /:n 1 \ 
loy.l (4) 


p/1 ni mi 

Co — CI — JN 1 


line /c\ 
liy.5 (5) 


p/- ni p-> 

Co — CI — Cz 


m n /c\ 

121. y (j) 


JN 1 — CI — Cz 


1 16.0 p ) 


pi n pi 
C3 — Cz — C 1 


1 1 O O 

118.8 (0) 


pi p^ no 
C3 — Cz — Hz 


1 in /: 
120.6 


ni no 

CI — Cz — Hz 


1 in /: 
120.6 


C4 — C3 — Cz 


121.5 (0) 


p/i pi pii 
C4 — C3 — CI 1 


1 1 o n 

i iy.u p ) 


PT PI PI 1 

Cz — C3 — CI 1 


1 1 n c i £\ 

iiy.s (0) 


PI P/1 PC 

C3 — C4 — Cj 


1 i n i { a\ 
liy.2 (0) 


PI P /l T_J A 

C3 — C4 — H4 


1 in a 
120.4 


PC P/1 TT/1 

CD — C4 — H4 


1 in A 
12U.4 


P/1 PC P£ 

C4 — Cj — Co 


i n i //:\ 
123.2 (0) 


P/1 PC IIC 

C4 — Cj — rl J 


1 1 O A 

116.4 


p/: pc tjc 

Co — Cj — Hj 


1 1 O A 

116.4 


PI p/r pc 

CI — Co — Cj 


1 1 C A i£\ 

11 3.4 (6) 


PI p/: p-7 

CI — Co — C / 


1 ii n i £\ 
IZZ.V (6) 


PC p /: p-7 

Cj — Co — C / 


1 ii c { a\ 
122.5 (0) 


p/: p-7 1 1-7 a 

Co — C / — hi /A 


1 nn c 

ioy. 5 


p/1 P*7 LITD 

Co — C / — hi /B 


1 nn c 

ioy. 5 


hi /A — C / — rl /r> 


1 nn £ 

ioy. 5 


p/: P*7 TT*7P 

Co — C / — rl /C 


1 nn £ 

ioy. 5 


m A P*7 TT*7P 

H /A — C / — H /C 


1 nn £ 

ioy. 5 


i nn p-7 tj*7p 
H Id — C / — H /C 


1 nn c 

ioy. 5 


pn po \n 
CV — Co — JNz 


I 1 "7 A {A \ 

II /.4 (4) 


PPl PO I III A 

CV — C o — H o A 


1 no n 
108.0 


Ml po HO A 

JNz — Co — Ho A 


1 no n 
108.0 


pn po iion 

CV — C o — H o r> 


1 no n 
108.0 


Ml PO TJOT5 

JNz — Co — Hor> 


1 no n 
108.0 


iii) * po iion 
H o A — C o — H o r> 


1 ni i 
10/.2 


PO ppi pip. 

Co — CV — C 1 u 


1 1 1 n i£-\ 

in.y (o) 


PO PPl TTPi A 

Co — cy — HyA 


1 nn i 

iuy.2 


p 1 pi PPl I 1 1\ A 

c i u — cy — HyA 


1 nn i 

ioy .2 


PO PPl TTPiTO 

Co — cy — HyB 


1 nn i 

ioy.2 


pip, pn 1 1 n i) 

c i u — cy — Hy b 


1 nn i 

iuy.2 


1 1 n a ppi 1 i n d 

HyA — cy — nyr> 


1 ni n 

iu /.y 


Cll— CIO— C9 


114.7 (6) 


Cll— CIO— H10A 


108.6 


C9— CIO— HI OA 


108.6 


Cll— CIO— H10B 


108.6 


C9— CIO— H10B 


108.6 


H10A— CIO— H10B 


107.6 



HI 1 A PI 1 HI 1 ( ' 

Hi 1 A — 03 1 — Hi 1C 


1 nn c 
109.3 


ui 1 T> PI 1 ni 1 t • 

Hi 1 is — C5 1 — Hi 1 0 


1 nn c 

loy.s 


0.33 — 032 — JN3 


i i /; i /c\ 
116.1 (D) 


r^n r^n un a 
033 — 032 — H32A 


1 no i 
1U6.3 


JN3 — 032 — H32A 


1 no i 
108.3 


033 — 032 — H32B 


1 no i 
108.3 


JN3 — 032 — Hi Id 


1 no i 
108.3 


TT1 1 A /~"n unn 

H32A — 032 — Hi Id 


1 ni a 
10/. 4 


r^n r^n f^iA 
032 — 033 — 034 


linn i £\ 
110.0 (6) 


pn un a 
032 — 033 — H33A 


1 nn i 

ioy. / 


PQ/1 t~*11 TJ11 A 

034 — 033 — H33A 


1 nn i 

ioy. / 


pn uno 
032 — 033 — H33B 


1 nn i 

ioy. / 


pi/i pn uno 
034 — 033 — H33B 


1 nn i 

ioy. / 


tm a pii unD 
H3 3 A — 03 3 — Hi 3h5 


1 no i 
108.2 


rl? pn pn 
035 — 034 — 033 


linn /o\ 
110.0 (8) 


PIC PI/1 tti A A 

035 — 034 — H34A 


1 nn i 

ioy. / 


pn pn tti /i a 
033 — 034 — H34A 


1 nn i 

ioy. / 


PIC PI/1 UHD 

035 — 034 — H34B 


1 nn i 

ioy. / 


pn PQ/1 uhd 

033 — 034 — H34B 


1 nn i 

ioy. / 


TJ1 A A pi y) U1/1T3 

H34A — 03 z l H34B 


1 no i 
108.2 


pi/i ric uic a 
034 — 03D — H35A 


1 nn c 

loy.s 


034 — 03j — H3jhs 


1 no c 

luy.j 


ni ^ A PI C HI CO 

H35A — 035 — H35B 


1 nn c 

loy.s 


PI/1 PIC U1CP 

034 — 035 — H3SO 


1 nn c 

ioy.5 


ni c A PI C HI CP 

H35A — 035 — H3DO 


1 nn c 

ioy.5 


in cr> pic in cp 
H35B — 035 — H350 


1 nn c 

ioy.5 


pn pi/; "\ti 
03 / — 036 — JN3 


1 1 / o /C\ 

116.8 (D) 


pn pi/: ni/: a 
03 / — 036 — H36A 


1 no 1 
108.1 


Ml PI/; in /; a 

JN3 — C36 — H36A 


1 no 1 
108.1 


P11 pi /; ni/n 

C3 / — C36 — H36B 


1 no 1 
108.1 


Ml pi/: UliD 

JN3 — 036 — H36B 


1 no 1 
108.1 


ni/* pi /; niirn 

H36A — 036 — H36B 


1 ni i 
10/. 3 


pi /; pn pio 
036 — 03 / — 038 


1111 fn\ 
112.3 (!) 


pi/; pn un a 
O3o — 03 / — Hi / A 


1 no 1 

iuy.1 


pio pn un a 
038 — 03 / — Hi /A 


1 nn 1 

ioy.1 


pi£ pn unr> 
036 — 03 / — H3 /B 


1 nn 1 

ioy.1 


pio pn unr> 
038 — 03 / — Hi ID 


1 nn 1 

ioy.1 


ni I A P11 TJT7D 

H3 /A — 03 / — Hi ID 


1 ni n 

io /.y 


p*5n pio pn 
03y — 036 — 0.3 / 


ii/l i /i n\ 
114.3 (10) 


pin pio mo a 
C3y — 038 — H38A 


1 no i 
108. / 


pn pio tji o a 
0-3 / — 036 — H38A 


1 no i 
108. / 


pin pio uiod 
03y — 038 — H38B 


1 no i 
108. / 


pn PIO ITTOD 

03 / — 038 — H38B 


1 no i 
108. / 


H38A— C38— H38B 


107.6 


C38— C39— H39A 


109.5 


C38— C39— H39B 


109.5 


H39A— C39— H39B 


109.5 


C38— C39— H39C 


109.5 


H39A— C39— H39C 


109.5 



sup-12 



supplementary materials 



/N1 ft /II 1 TJ1 t * 

C1U — CI 1 — HI 1A 


1 nn £ 


umr> pm ump 

H3yB — C3y — H3yc 


1 AO £ 


PI/1 pi 1 TT1 ID 

C1U — CI 1 — HI IB 


1 nn £ 


pit \n pin 
C 1 0 — JN 2 — C2U 


111.1 (5) 


Ul 1 A n 1 Tji 1 n 

HI 1 A — CI 1 — HI IB 


1 nn £ 


pu An pn 
Clu — JN2 — C12 


111 n //i \ 
lll.y (4) 


pin n i ui ir 
C1U — CI 1 — HI 1C 


1 nn £ 


pm ah pn 
C2U — JN 2 — C 1 2 


i n/; i /■ /i \ 
lUo.l (4) 


Ul 1 A pi 1 U11P 

HI 1 A — CI 1 — HI 1C 


1 nn £ 


pit \n po 
C 1 0 — JN 2 — Co 


1 no c (a \ 
lUo.5 (4) 


TT1 1 D pi 1 U11P 

HI IB — CI 1 — HI 1C 


1 nn £ 


pin \n po 
C2U — JN2 — Co 


111). 5 (4) 


An pii pi i 
JN2 — C12 — CI 3 


11/11 

114.3 (D) 


P 1 1 ATT P O 

C 1 2 — JN 2 — Co 


1 no "7 i c\ 
1UO. / (D) 


An nn thia 
JN 2 C 1 2 — H 1 2 A 


1 no "7 
108.7 


PTO ATT P11 

C28 — JN3 — C32 


i n/; i //i \ 

106.1 (4) 


C13— C12— H12A 


108.7 


C28— N3— C24 


112.3 (5) 


N2— CI 2— H12B 


108.7 


C32— N3— C24 


109.9 (4) 


C13— C12— H12B 


108.7 


C28— N3— C36 


111.6(5) 


H12A— CI 2— H12B 


107.6 


C32— N3— C36 


110.3 (5) 


C12— C13— C14 


99.9 (6) 


C24— N3— C36 


106.7 (4) 



Hydrogen-bond geometry (A, °) 



D—a-A 


D — H 


R-A 


D-A 


D—H-A 


C5— H5-03' 


0.93 


2.60 


3.447 (7) 


153. 


C8— H8A-015" 


0.97 


2.44 


3.396 (6) 


169. 


C9— H9B-04 m 


0.97 


2.57 


3.309 (6) 


133. 


C16— H16A-016" 


0.97 


2.55 


3.410 (7) 


147. 


C7— H7B -Nl 


0.96 


2.42 


2.875 (8) 


109. 


CI 2— H12A-09 


0.97 


2.34 


3.248 (7) 


155. 



Symmetry codes: (i) -x+\, -y+2, -z+1; (ii) -x+3/2,y-l/2, -z+3/2; (iii) -x+1, -y+l, -z+1. 
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